transported from the ER to the site of terminal glycosylation in the Golgi apparatus. Assessment of the transport slightly slower rate, respectively, than their wild-type counterparts [7] . Importantly, the attachment of YFP or CFP to SI or LPH, respectively, had no influence on their detergent solubility in Triton X-100. The complex-
Results and discussion
The discrimination between the different apical targeting glycosylated SI-YFP was detected in the detergent-insoluble pellet, and its proportion was almost similar to that mechanisms has so far been exclusively based upon differ- Transport kinetics and association of LPH-CFP and SI-YFP with DIGs.
labeling of transfected COS-1 cells was performed for 6 hr, followed (a) Transfected COS-1 cells were biosynthetically labeled for 1 hr by solubilization in ice-cold Triton X-100. LPH-CFP and SI-YFP were with [ 35 S]methionine and chased for the indicated time points. Samples immunoprecipitated from the detergent-soluble (S) and detergentwere immunoprecipitated with monoclonal antibodies against LPH insoluble (P) pellet fractions as described [5] . retained in the supernatant (Figure 1d ,e). This is reminin MDCK cells (Figure 2c ). These results were biochemiiscent of an association of this chimera with a memcally corroborated by cell surface immunoprecipitation brane domain that forms in the Golgi complex. On the of SI-YFP and LPH-CFP from transfected MDCK cells other hand, both glycoforms of LPH-CFP were exclugrown on filter membranes. It is important to note that sively detected in the detergent-soluble fractions ( Figure  LPH occurs in the apical membrane of intestinal and 1d,e) [5, 8] .
MDCK cells as a 230-kDa pro-LPH and a cleaved 160-kDa form, respectively [7, 9] . SI-YFP and the two forms of LPH-CFP were isolated predominantly from the apical Next, we investigated whether SI-YFP and LPH-CFP compartment of MDCK cells (Figure 2d, lanes 1 and 3) . are correctly targeted to the apical membrane to ensure Thus, the high sorting fidelity of LPH and SI [9] could that the CFP or YFP variants have not induced structural be maintained despite the presence of the fused GFP alterations that may reverse the cell surface sorting of the variants [6] . Altogether, the fusion of a reporter gene to chimeras. For this, the chimera were expressed in polar SI and LPH has no effect on the transport kinetics and MDCK cells and analyzed by confocal analysis (Figure the mode of association of these proteins with the mem-2). LPH-CFP (Figure 2a) , as well as SI-YFP (Figure 2b) , brane or on their sorting behavior. Moreover, the data also were exclusively located at the apical membrane. A similar result was obtained when both proteins were coexpressed
show that association or nonassociation of proteins with for the polar distribution of LPH-CFP or SI-YFP as described before and analyzed 3 days after transfection. The epithelial cell monolayer [6, 9] . ap, apical membrane domain; bl, basolateral membrane; n, was scanned sequentially in X/Z-scans by confocal microscopy. The nucleus. The scale bars represent 10 m.
DIGs could be assessed in COS cells. Having analyzed or LPH-CFP could be discerned (Figure 3d ), indicating that they have partitioned from the precursor LPH-and the transport and sorting behavior, we wanted to analyze next, by confocal laser microscopy, the transport pattern SI-containing vesicles. This segregation process does not occur upon cholesterol depletion with methyl-␤-cyclodexof both proteins in living cells at the level of the TGN and post-TGN by utilizing cotransfection experiments in trin, which leads to a perturbation of cholesterol/sphingolipid microdomains [11] . In this case, an accumulation of COS cells. COS cells grow fairly large and flat, and postGolgi exocytotic trafficking takes place largely in a single vesicles containing both proteins could be observed (Figure 3e) , indicating that the segregation process into DIGfocal plane. As shown above, the transport rate of LPH-CFP is slower than that of SI-YFP. To eliminate this associated SI-YFP and nonassociated LPH-CFP transport vesicles depends on the intactness of these microdomains. temporal asynchrony and to synchronize the Golgi-toplasma membrane transport, the cells were treated 1 day
We could further reproduce this segregation in the polar cell line MDCK (Figure 3f ). The vesicular structures after transfection with cycloheximide and incubated at 20ЊC to block protein synthesis and accumulate a cohort demonstrated here are not endocytic vesicles, as assessed in internalization experiments using Texas-Red-Dextran of the protein in the TGN [10] . Figure 3b reveals the accumulation of SI-YFP and LPH-CFP in the TGN at in transfected COS cells (Table 1) . Moreover, neither LPH nor SI are known to undergo internalization unless 20ЊC and the colocalization with the TGN marker galactosyltransferase-DsRed (GT-DsRed). Raising the temperaan endocytic signal is added to the cytoplasmic tail, as has been shown for chimeras of LPH with the influenza ture to 37ЊC for 5 min results in the identification of a population of vesicles that started to pinch off the TGN, hemagglutinin [8] . which was devoid of GT-DsRed and contained SI-YFP and LPH-CFP (Figure 3c ). These two proteins were local-LPH-CFP and SI-YFP partitioning in separate vesicles from vesicles containing both constructs could also be ized in different regions on these vesicles (Figure 3c , see insets 1 and 2). Ten min after raising the temperature to observed in cells cultured at 37ЊC without performing a 20ЊC temperature block (Figure 4a) . In a single vesicle, 37ЊC, vesicles containing the individual proteins SI-YFP The observation that individual SI-labeled vesicles have been derived from SI-and LPH-containing post-TGN nm diameter that lacked LPH-CFP, and LPH-CFP was distributed over the remaining area of the vesicle memled us to follow the delivery of SI and LPH to the cell surface by time-lapse imaging to determine if the distinct brane (Figure 4b ). Post-Golgi carriers of an approximate size similar to those shown here have been described distribution of SI and LPH within a large vesicle ultimately leads to delivery at the plasma membrane in sepabefore [12] . In many vesicles, the SI-YFP patches were symmetrically spread over the membrane in a triangular rate vesicles. The accumulation of proteins in the TGN at 20ЊC, followed by raising the temperature to 37ЊC for orientation, indicating a substantial compartmentalization of DIG-associated SI-YFP and nonassociated LPH-CFP 15 min, demonstrates that smaller vesicles have pinched off the original larger one (Figure 4c ). These vesicles had in post-Golgi transport vesicles. a diameter of about 0.5 m, moved more quickly through Table 1 the cell at about 1.5 m/s, and were labeled with SI-
LPH-CFP and SI-YFP containing post-Golgi vesicles do not
YFP, but not LPH-CFP. Similar events were frequently traverse endocytic structure.
detected without a 20ЊC temperature block for SI-YFP and LPH-CFP (Figure 5a,b) CFP to the cell surface.
were incubated for 4 hr with Texas-red-dextran (0.5 mg/ml, Molecular Probes), washed two times with PBS, and used immediately for microsopy. a Number of cells analyzed.
Previous electron microscopy data have provided evib Number of structures positive for exocytic cargo.
dence for the clustering of SI molecules in particular areas c Number of structures positive for endocytic cargo.
of a transport vesicle in intestinal Caco-2 cells [13] , and, also, a patched pattern of DIG-associated apical versus Germany (to H.Y.N.). Antibodies against LPH and SI were generous gifts nonassociated basolateral proteins has been observed on from Drs. H.P. Hauri (Biocenter, University of Basel) and E. Sterchi (University the plasma membrane of nonpolar cells [14] . More reof Bern) [17] .
cently, separation of apical from basolateral cargo in live
